This paper presents the results of a survey of past experiences with uncommanded
). In the literature, these motions are frequently referred to as "heavy wing", "wing drop", and "wing rock." The sketches in Figure 1 This concern resulted in numerous flight tests and wind-tunnel studies to evaluate major factors that influence tracking accuracy, and to optimize configurations.
The data shown in Figure 2 were obtained during typical research flight 
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illustrate that the phenomena begin at relatively low angles of attack (in contrast to low-speed, highalpha uncommanded motions), and that the onset angles typically become lower at high-subsonic and low-transonic speeds. As a result of this trend, the uncommanded lateral-directional motions can occur at maneuvering angles of attack, and have large effects on flying qualities during air-to-air tasks. 
Complexity of the Problem

Relevant Aerodynamics
The 
RESULTS
The results of the historical survey are very informative and contain substantial "lessons Each of these studies will be discussed later. 
Figures of merit for wind-tunnel testing and
F-_5
The entire series of the F-5 family (F-5A, F-5E, F-5F, and the more advanced 
Hiqhlights of Specific Experiences
Certain aircraft documented in this study deserve special discussion because of special phenomena or analysis approaches that were judged to be of particular interest to the AWS effort.
F-4 Experiences
The uncommanded lateral motions of the F-4 are highlighted because they involve highly nonlinear dynamic effects, which should be considered in analyses of transonic wing drop/rock. Non-slatted versions of the F-4 exhibited • Leading-edge stall
• Lift-curve break, randoraness in roJling moments at stall, loss of damping in roll Resolatlon:
• Leading-edge maneuve_ slats The data also showed no loss of damping for high wing sweep angles, in agreement with flight experiences. The F-11 l's roll augmentation system had a large beneficial effect on the magnitude of the wingrock motions ( Figure  15 ). The figure shows the degrees. This result is extremely significant in that basic research and some specific airplane programs (F-16XL, F-106) have indicated that wing-drop/rock has not been experienced for the vortex-dominated flow fields of aircraft with wing sweep angles from about 60°to 70°. For sweep angles greater than about 70°(when vortical flow phenomena dominate), wing rock has been common.
F-14 Experiences
Transonic wing drop and wing rock have not been exhibited by the F-14, and as a result it is not shown in the matrix of airplanes of Figure 7 . However, two key observations of the lateral behavior of the aircraft are worthy of inclusion for the current survey.
In the early development cycle of the F-14, flight tests revealed the presence of highly undesirable lateral motions at high-angle-of-attack conditions.
With wing full-span leading-edge maneuver slats extended and the wing at relatively low sweep angles (20e), the F-14 exhibited wingrock motions at all subsonic speeds less than about Mach = 0.8 for angles of attack greater than about 15°. This wing-rock tendency degraded tracking, and had an impact on the development of an automatic spin prevention control concept for high-angle-ofattack conditions. 6°When the automatic controls provided rudder inputs to increase spin resistance during maneuvers, the inputs triggered the wing-rock motions, degrading the effectiveness of the tracking. A subsequent joint NASA/Grumman/Navy research program refined the control system and eliminated the wing rock problem. Further development of the system by the Navy (Figure 16 buffet alleviation was being assessed and matured.
In addition, the flight control systems of both airplanes were under development. 
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